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v" Heavy Flavor Suppression

PHENIX measured strong
suppression of HF>e

Heavy flavor energy loss

- Collisional energy loss ~ low p;
> Langevin approach

- Radiative energy loss ~ high p;
> Bethe-Heitler formula
> Dead cone effect

Mass ordering (expected)
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v' Charm and Bottom Suppression

PHENIX found
Raa(b->€) > Ryp(c>e)

[In 2014-2016]
PHENIX collected
AuAu (HF): 4.9nb?
pp: 23pb!

> high precision

> centrality dependence
> flow measurement

Ry, (c > e, b —>e)

provide strong constraint
on QGP property
Today’s result use 1/8 of full dataset
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v p

HENIX Silicon Vertex Detector (VTX)

et S 2 Silicon Vertex Detector (VTX)

- installed in 2011

- 2 pixel layers + 2 strip layers
(04 =14.4 um) (o4 =23 um)

- precise collision vertex
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Silicon Vertex Detector (VTX)

- installed in 2011

- 2 pixel layers + 2 strip layers
(04 =14.4 um) (o4 =23 um)

- precise collision vertex

Precise displaced tracking

- Distance of Closest Approach(DCA)
DCA,=L-R

- DCA analysis allows a separation of

B > efromD® > e

BO :ct = 455.4 um
DO :ct=122.9 um

- almost all BG from DCA; =0
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v Bayesian Inference Techniques

- Bayes’ theorem P(0|x) < P(x|0)m(0)
- Simultaneous fit to dN/dp; and DCA(p-)

Measured data
dN/dp;, DCA(py)
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v Bayesian Inference Techniques

- Bayes’ theorem P(0|x) < P(x|0)m(0)
- Simultaneous fit to dN/dp; and DCA(p-)

Measured data
dN/dp;, DCA(py)

] [ c/b hadrons dN/dp, J

|
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P(x|0)m(0)
Likelihood

J

S

PH ENIX

=
<

-- Hadron space --
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v Bayesian Inference Techniques

- Bayes’ theorem P(0|x) < P(x|0)m(0)
- Simultaneous fit to dN/dp; and DCA(p-)

[ Measured data ] [ c/b hadrons dN/dp, J From PYTHIA6 decay model
dN/dp,, DCA(p,) - electron space

-- Decay electron space --

v :).10*2;
P(x|0)1'[(0) <-1073; e é §10§ oo
Likelihood o boe EI b—e
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v Bayesian Inference Techniques

- Bayes’ theorem P(0|x) < P(x|0)m(0)
- Simultaneous fit to dN/dp; and DCA(p-)
- employ Markov Chain Monte Carlo (MCMC) for sampling

[ Measured data ] [ Yield of c¢/b hadrons i

dN/dp,, DCA(p,) - electron space

o\

¢ MCMC sampling

Parameter
probabilities
c/b hadron yields

*v‘

v / regularization
P(x|0)m(0) (smoothness)
Likelihood

¢ hadrons

MCMC
sampling
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v Bayesian Inference Techniques

- Bayes’ theorem P(0|x) < P(x|0)m(0)
- Simultaneous fit to dN/dp; and DCA(p-)
- employ Markov Chain Monte Carlo (MCMC) for sampling
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v’ Comparison to Data in 0-10% central
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v’ Comparison to Data in 0-10% central

Invariant yield DCAT dlstrlbutlon
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Unfolding results agree well with measured data
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v’ Comparison to Data in 0-10% central
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v’ Comparison to Data in 0-10% central
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- Invariant yields of charm and bottom hadrons
- D? extracted from c hadrons and PYTHIA model
- agree with the STAR direct measurement
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v' Bottom Electron Fraction

PHENIX published bottom electron
fraction in MB AuAu

] 2‘_ ------- min. bias (Phys.Rev.C,93,034904)
(Phys.Rev.C,93,034904) 2 min.bias
1T
New result reproduce .
: 0.8—
published result well T
Q [ e e
R —
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v' Bottom Electron Fraction

PHENIX published bottom electron
fraction in MB AuAu
(Phys.Rev.C,93,034904)

New result reproduce
published result well

b-fraction in 0-10% AuAu

seems higher than MB
(consistent within uncertainty)
—> need more precision
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min. bias (Phys.Rev.C,93,034904)
— min. bias

0-10% central

- TN
AU+AU, \ SNN—200 GeV PH>>><<<E NIX
Data 2004+2014, lyl<0.35 preliminary

2 3 4 5 8 9

p$ [GeV/c]

6 7

16



Charm and Bottom Suppression
2004+2011 AuAu MB

Raa of c>e and b->e Phys.Rev.C,93,034904
FAuAu 2'2: min. bias Au+Au, \s,,=200 GeV ]
— R o[- Data 2004+2011, lyl<0.35 -
Fpp 1.8} t c+b — e (Phys.Rev.C 84 044905)
coe _ (A=Fauau) pHF _ 1eF “°7° (Phys.Rev.C 93,034904) |
R T AA rm 16: b o>e ]
el . po o o corolatons
R{%  : PHENIX measurement s e eI
F : Unfolding result e B
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v' Charm and Bottom Suppression

R,, Of c>e and b—>e

2.2

2004+2014 AuAu MB

__ Fauau R HF - min. bias Au+Au, [8,=200 GeV  pP Ty
—-=F E AA 2:— Data 2004+2014, lyl<0.35 preliminary
pp 1.8 # c+b — e (Phys.Rev.C 84,044905) -
Rﬁze _ (1-Fauau) Rﬁ{f o 160 . . BifeRevioniossossoi
(1_Fpp) T 1.4f B
HEE55 2 1af E
R4i4 :PHENIX measurement ¢ 2
- 1t
Fa, 44 - Unfolding result S 0g E
(1/4 of 2014 data) o6t H—
E,, :STARe-h correlations % E
0.2f -
(pT: 3.0~8.0 GeV/c) 01-234[5’\”]6785
p. [GeV/c
New result reproduce well
with published result
e
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v Ry, of c>e and b->e

Minimum bias

22—
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> b->e is less suppressed than c=>e in 3.0-5.0 GeV/c (0-10% AuAu)
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v Ry, of c>e and b->e

Minimum bias 0-10% central New
2.2 2.2
I - . —_ v — 0= o, —_ ’\/— -
- min. bias Au+Au, |'sy,=200 GeV PH ENIX 1 -0-10% Au+Au, |'sy,=200 GeV PHZENIX -
2/~ Data 2004+2014, lyl<0.35 preliminary — 21 Data 2004+2014, lyl<0.35 preliminary —J

1.8 # c+b — e (Phys.Rev.C 84,044905)

—Cc —>e +p from e-h correlations
hys.Rev.Lett.105,202301

1.8 # c+b — e (Phys.Rev.C 84,044905)

—Cc —>e +p from e-h correlations
hys.Rev.Lett.105,202301
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> b->e is less suppressed than c=>e in 3.0-5.0 GeV/c (0-10% AuAu)
>c—>ein 0-10% is suppressed stronger than c~>e in MB
~ => Other centrality results are ongoing
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v Model Comparison in Bottom Fraction

[Theoretical models]

T-Matrix approach
> hadron resonance in QGP
> Diffusion coefficient: 4-30

—> D(2nT) <4
— strong coupling in QGP
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I = D(2 7 T)=30, van Hees et al. (0-10%) Eur.Phys.J.C 61,799 (2009)
[~ wmans D(2 = T)=6, van Hees et al. (0-10%)
D(2 =« T)=4, van Hees et al. (0-10%)
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v Model Comparison in Bottom Fraction

1 o— Djordjevic et al. (0-10%) Phys.Rev.C 90,034910 (2014)

[ThEOrEticaI mOdEIS] L — D(2 = T)=30, van Hees et al. (0-10%) Eur.Phys.J.C 61,799 (2009)
. oo D(2 = T)=6, van Hees et al. (0-10%)
T—MatrIX approaCh 1___ """"" D(2 n T)=4, van Hees et al. (0-10%)
> hadron resonance in QGP
> Diffusion coefficient: 4-30 o8-
- D(2nT) < 4 T

— strong coupling in QGP

0-10% central

b—e/(c—e+b—e)
o
o

o
~

DGLV model e st o
ata + , lyl<O.
> rad. + coll. energy loss 02 pMN;(
> dynamical E-loss formalism ‘N | | | p|re”/\mirfary |
O | | | | | | | | | | | | 1 11 | | |
1 2 3 4 5 6 7 8 9
— reasonable agreement p° [GeV/c]
~—

PH ENIX K.Nagashima - Quark Matter 2017, Chicago 22



v' Model Comparison in R,,

0-10% central
2.5
[Theoretical models] Byl il v P“é$§§?‘§§§g‘)§“*"° ]
DGLV model . “°7° PHUENIX -
| —Db —>e preliminary i
> coll. + rad. (dynamical) T [ ]
_Z 1.5 -
iy - 1
T [ i
CH
: I 1
o - _
0.5 -

[ [GeV/c]

‘v‘
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v' Model Comparison in R,,

[Theoretical models]
DGLV model
> coll. + rad. (dynamical)

SUBATECH
> coll. + rad.(LPM)
> Hard Thermal Loop

e
PH ENIX K.Nagashima

Ryp (¢ > e, b —e)

2.5

-
(2]

—h

0.5

- Quark Matter 2017, Chicago

0-10% central

. 0-10% Au+Au, \/ST\IN=200 GeV Phys.Rev.C 90,034910

- Data 2004+2014, lyl<0.35 g : g ((Bgll:://))
. — _V—

c—>¢ PH:-<ENIX Phys.Rev.C,78,014904

imi D — e (SUBATECH) —]

b—>e prelimnary _g_. (SUBATECH)

|
i

0 |
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v' Model Comparison in R,,

[Theoretical models]
DGLV model
> coll. + rad. (dynamical)

SUBATECH
> coll. + rad.(LPM)
> Hard Thermal Loop

T-Matrix approach

> hadron resonance in QGP

(parameter free approach)

S

PH ENIX

Rya (¢ > e, b —e)

2.5

-
(2]

o
o
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0-10% central

L 0-10% Au+Au, \'s,,=200 GeV Phys.Rev.C 90,034910 |
- Data 2004+2014, lyl<0.35 D — e (DGLV)

B — e (DGLV)
L —c—>e P?/E_NIX Phys.Rev.C,78,014904 |
- AN D — e (SUBATECH) —|
b—>e preliminary

—B — e (SUBATECH)

Phys.Rev.Let,100,192301
D — e (T-Matrix)

=B — e (T-Matrix)

P, [GeV/c]
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v' Model Comparison in R,,
0-10% central

[Theoretical models] 2'55 Oota 200002014, 055 BoeloELl
See 2 T e D TEITERN -
> coll. + rad. (dynamical) T | e
SUBATECH a o -
> coll. + rad.(LPM) ; y :
> Hard Thermal Loop I

o
3

T-Matrix approach

> hadron resonance in QGP
(parameter free approach)

!

0 |

0

Theory: reasonable agreement, but need smaller diffusion?
Data: smaller uncertainty and broader p; range (coming soon)

‘v‘
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v Future Prospects

[Update points]

- use full statistics ( X 8)

- new inclusive dN/dp-

- new pp reference

> smaller systematic uncertainty

> broader p; range (1-9 GeV/c)
for Ry, of c>e, b—>e

>R, of cand b hadrons

- PHENIX also measure B—>J/y
> very low p; B meson

o 10

dy

-107°
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Z10°
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d

Al— B
210”7
Q
Z10°8
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Data / Fit

0.5

0

—> see Cesar Silva’s Talk (8.4 — Wed 16:30)
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v’ Summary

e Measurement of R,,¢?¢ and R,,"?¢in 0-10% AuAu
- Rya27¢ > Ry 67 (in 3.0-5.0 GeV/c)
- Rya7¢ (MB) > Ry 67¢ (0-10%)
* Model Comparison
Bottom electron fraction
> strong coupling in QGP (D(2nT) < 4)
Nuclear modification factor R, ,
> reasonable agreement, but needs smaller diffusion?
* Future prospects
- Full dataset in AuAu and pp provide more precise
- Measurement of R,,P~¢ and R, ¢7¢
in broader p; range ~1.0-9.0 GeV/c
— Final result is coming soon!!

v
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Thank you !!

also see

B->J/y at forward
(Cesar Luiz da Silva, 8.4 — Wed 16:30)
HF in small system

(Sanghoon Lim, 8.4 — Wed 17:10)

v
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v Backup

‘v‘

PH ENIX
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v Bottom Electron Fraction
Phys.Rev.C,93,034904

FONLL
== Jnfold Result
¥ STAR e-h correlation in p+p
% STARe-D' correlation in p+p
¢ PHENIX e-h correlation in p+p
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lyk0.35
PHENIX Run 4 + Run 11
1 2 3 4 5 6 7 8 9
pT [GeV/c]

O
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O
o

e
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v’ Testing Possible Baryon Enhancement

- Follow P. Sorensen and X. Dong
( Phys Rev C 74, 024902 (2006) )
- \/Ks ratio measured
in STAR 20-40% Au+Au at 200 GeV
and STAR in p+p at 200 GeV
(arXiv:nucl-ex/0601042)
- Fit both data
- Fix asymptotic value to 0.3
in both Au +Au and p+p
- Apply enhanced the ratio of
N./D and Ab/B to the decay matrices.
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PH ENIX

<
2
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E
S
e
<
[s4]

1.8
1.6

o -
c 14—

1.2

0.8

0.6
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e ANK STAR 20-40% Au+Au
-------- Fit to Au+Au

s ANKSTARp+p
-------- Fit to p+p
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v' Baryon Enhancement

Talk by Long Zhou (@QM2017)

25 [ | ! | ! | ! | ! | ! | ! 1]
¥ o Au+Au [0-5%] | AutAu @ 200 GeV
2 m  Au+Au [20-40%] STAR Preliminary
2| 4 Au+Au [40-60%] | e 10-60%
66 v Au+tAu[60-80% OD .K(')'.'"[-/f-_.(.l_lvm'l\ +
1 .5 i Q é ? i [ J T ;o 1 -_ T '1__.]‘ ]
* L LN = B ® [ =" Ko: three-quark
° - LA é é . I
1+ LR ; :
ST T
Provly 1 + I
AR FE % * ]
v I [ ° ,
] ! 4 A SHM Greco
05- 8 1 1 l
pe PYTHIA
10—1 | ) | 1 | L | L | L | ] |
O 1 | 1 | 1 [ 1 I 1 l 1 O 1 2 3 4 5 6
0 1 2 3 4 5 6
p; (GeVic) Transverse Momentum P, (GeV/c)
Charm baryon enhancement is similar
to strangeness baryon enhancement
= 7V_
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v’ Testing Possible Baryon Enhancement

b-fraction increase when assuming

i enhanced baryon.
1 ol———min. bias enhanced min. bias
| — 0-10% central enhanced 0-10% central Covered by systematic
- uncertainty of the measurement
,a B . . . .
losr- Not included additional uncertainty
& |
© 0.6
@ [
T [
O
0.4
L Au+Au, \/SNN=200 GeV PH-ZENIX
i Data 2004+2014, lyl<0.35 preliminary
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0

1 2 3 4 5 6 7 8 9
pi [GeV/c]

Hor
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v’ Testing Possible Baryon Enhancement

g Au+Au, \'s, =200 GeV 4 S 4EE, AutAu, |5,=200 GeV 4
& minimum bias, lyl<0.35 3 & . 0-10% central, lyl<0.35 ]
N Data 2004+2014 3 = 10 Data 2004+2014 E
o = ] ° g ]
§10% @ 4 g0 . .
e = Q ; Z elele - ;
-3 -3

g2 - & 3 2 - 3
S 10E i 7 S0t E
= F =12 1 = -
10° NE =3 10° ® =

s gk - s : E

10°E R 5 10°g : 5

= [+]c hadrons v 3 = [+]c hadrons 3

107 [-]b hadrons s 4 107 [~]b hadrons : ~
s © chadrons (enhanced) s . s © chadrons (enhanced) ¢ .
107 ———= 10° o =

= © bhadrons (enhanced) ¢ 3 = o bhadrons (enhanced) =

1 079 E 11 | 11| | 111 | 11| | L 11 | 111 | 111 | 1 I} | Ll | [ E 1 0_9 E 11 | 111 | 111 | L 11 | 111 | 111 | 111 | | | | L1l | Ll E
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

P, [GeV/c] P, [GeV/c]

Covered by systematic uncertainty of the measurement
Not included additional uncertainty

'7V‘
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v New DCA; Distribution in 0-10% AuAu

2.00 <p, <2.50 DCA; distribution of electrons
(Cc:% : Au+Au, \/STm:zoo GeV — Data 3 1.25 < pT < 6.0 GeV (9 blnnlng)
103 0-10% central, lyl<0.35 - not corrected for PHENIX
C Data 2014 Lol
: ) acceptance and efficiency
5 -
. PH ENIX
el Prefiminary DCA; resolution
: -0=0.006 cm @ p;=2.5GeV/c
i g 80:
10 > _I®
; §._ 75 )
1 H-A 65 ° o
I LA IR | ) PEPETTEUPETTELTRTPE P
-0.15 0.1  -0.05 0 005 01  0.15 = e o .
DCA; [cm] 55—
\/-‘ 5011.522.533.544.55pT[5é5€V/C]6
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v New DCA; Distribution in 0-10% AuAu

BG components

2.00 < p. < 2.50
§ i — Data
S I Au+Au, \'s,,=200 GeV Dalitz
103}~ 0-10% central, lyl<0.35 Conversion
= Data 2014 i — Jhy
- - 1  — Mis-ID Hadron
i L E :ﬂ h Ke3
. PH ENIX 3
preliminary — High-multiplicity
10
10
1
-0.15
DCA; [cm]
e
PH ENIX

- Mis-reconstruction
> Mis-ID hadron
> High-multiplicity
- Prompt
> Dalitz, J/Y
- Non-prompt
> ’ Ke3

Heavy flavor decay electron

- dominates at |0.02| < DCA; < |0.1]
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v MC Samplmg for

5 - charm
ook - bottom

25 3 3.5
Charm /Beauty e H“

n Probgbility
o o
o o

Ra:

L
0 0.5 1 15 2

25 3 3.5
Charm /Beauty e RM

1000

Sampled R,

25 3 3.5
Charm /Beauty e R

25 3 3.5
Charm /Beauty e RM

%800
160
1400
1200

600
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|
0 0.5 1

L L L L o 1
15 2 2 3 3.5 0 0.5

.5
Charm /Beauty e RM

1
1.5

I
3

1 1
25 3.5
Charm /Beauty e

R
AR

- assuming Gaussian uncertainties of Fy 5., F,o Raa
- median and error get from MC sampling

S
PH ENIX
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PH ENIX

v' Background Normalization

Non-photonic to photonic
electron ratio Ry,

Ryp = NNP_/ Np 3'5
N, = (N.J°-¢e.*¢*N,) / e.*(1-¢€) 3
Nyp = (€g*Ng*° = N,) / €g*(1-€)) 25

n:% 2
Ne  =Nyp+Np 5
Ne*° = €, *Nyp + €27 *Np

(applied isolation cut)

g, = single cut efficiency >

(calculated by MC method) oLt

eg = randomly killed efficiency
(calculated by data driven)

e

- Au+Au, |'s,=200 GeV
— Data 2014, lyl<0.35

N
PH-<ENIX
preliminary

— + min. bias

— + 0-10% central

K.Nagashima - Quark Matter 2017, Chicago

5 6
pj [GeV/c]
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v' Background Normalization

Track swapping method
[Mis-ID hadron]

- Swapped at RICH

- opposite side RICH hit
[High-multiplicity]

- Swapped at VTX

- 10 degree rotation

10 degrees Lack
rotation

reeeeeeneees
random:>< x VTX
randoml

B

h A ooah

PH ENIX K.Nagashima

DCA;{2.00 < p. < 2.50 GeV/c}

<10

- Quark Matter 2017, Chicago

I
I RUNE
0.05

0.1 0.15
DCA, [um]
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v Systematic Uncertainty of b-fraction

‘v‘

PH ENIX

o o o
A O < ©

Fraction of uncertainty

o
\S)

. —total Spectra Systematic

~  —unfold Fup

. ——regularization prior

T —Kg High-multiplicity

—\\ /

— \J/

-
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

1 2 3 4 5 6 8 9
P, [Gev/c]
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v Decay Probability

T T T 9
(a) —+— 05<pS <10 sl
0.015 —*— 25<p7 <30 7|
Py —=— 40<p$ <45
e 7.0<pS <8.0 = 9
—— . .
T 0.010 T | 3 s
(@) 12.0 < pT <15.0 =
& = 4
0.005 3}
2
0.000 b 5 10 15
(b) —— 05< pg <1.0 ps [GeV/c]
0.015 —e— 25<p} <3.0 20 by 15 <p3 [Gev/c] £2:0
0.15¢}
< —=— 40<p} <45 e
T 0.010 +— 7.0<ph <8.0 —
o) b 5 o0.05
N 12.0<py <15.0 =
(Al < 0.00¢}
2 107
0.005 . —0.05|
—-0.10} 107
0.000 ' - ‘ —0.15;
1 2 3 4 5 6 7 8 9 s
e 1GeV/ —0-205 5 10 15 20 10
pt [GeV/c] pS [GeV/c]
i
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v' Comparison to Data in minimum bias

. Invariant yield DCAT dlstrlbutlon
10_ L I T T T I T 1T 1T 7T I L I T T T I T 1T 1T 7T I T 17T I L IE 104 J__ T T T I T T T I—_L
E E Au+Au, \'s —200 GeV _ 3
N . c+b — e (Data) : - Mmlmum@s lyl<0.35 Data =
_ 10 Phys.Rev.C 84,044905 " Data 2004+2014 — Re-fold :
Q - ] N -
T 104 B c+b — e (Re-fold) = 10° = PHENIX Charm =
E = —— ¢ — e (Unfolded) 3 = : prellmlrcmia:}; | — Bottom 3
-5 I [2.00-2.50 GeV/c ]
=10F ——boe(Unoded) I 2 [ blerb02s Background -
S 16l i =] = E
g§°F E E
$ 107 = ol ]
+ - 3 = E
S 198 L Au+Au, \/sNN=200 GeV - = 3
A = minimum bias, lyl<0.35 E .
T gL  Data2004+2014 §
107 = 18
= PH ENIX = i
10_1:% 11 1 Iplrlelllrr.‘llrl-]Iarl-y | I | ! ) ! ) I ! 11 1 1 ! | ? 2

Data/Re-fold
N
[

(o
[=—
[
11 | -
(Data - Re-fold)/c,,
o

o
RERCSinn
=
b
1
T
—
?:,:
s
] I
1
—1
=
—
F
—
=

6 7 8 9 015 01 -0.05
p$ [GeV/c]

0

01 0.5
DCA; [cm]

Unfolding results agree with measured data well
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v' Comparison to Data

Minimum bias 0-10% central

C}T\ T 1T | T 1T | T TT | T 1T | T 1T | T TT | T 1T | T 1T | T 1T | TT IE C}l: E T T | T 1T | T 1T | T 1T | T 1T | T 1T | T TT | T 1T | T 1T | TT IE
g | Au+Au, |s,, =200 GeV 1 g 1 Au+Au, |5, =200 GeV 5
& g minimum bias, lyl<0.35 Elc hadrons = 8 - & 0-10% central, lyl<0.35 Elc hadrons 3

= 10" = 10"’
s 0E = Data200442014  [lppagrons § 5 0F = Data 200442014 [y pagrons =
S02k o PH.ENIX 3‘ S 102k = PH._ENIX 3‘
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9 104E O = S 10 E
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1ok — - 10°E : E
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Invariant yields of charm and bottom hadrons
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v Comparlson to Measured Data

(1/2mp7) d*> N/dp; dy [(GeV/c) %]

Data/fit

‘v‘

PH ENIX

= = =
o o o
n IN )

=
<
(o)]

10°

10!

PHENIX 0- 93% (Data 2004+2014)

STAR 0-80% x 257.8/291.9 (NEHEVX/NZIR)

(Phys.Rev.Lett. 113,142301)
Levy fit x modified blast wave
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=
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Data/fit

101

o
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) PHENIX 0- 10% (Data 2004+2014)

STAR 0-10%
(Phys.Rev.Lett. 113,142301)

- = Levy fit x modified blast wave
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Sampled yield

[Diagonal]
[Other]

Correlation between
c and b hadron yield
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v Energy loss model

Dead-Cone effect

collisional energy loss

- parton elastic scattering V =y

e . By - heavy 0.8 | S
Lo np(ppeE i -
radiative energy loss

- Bathe-Heitler for gluon radiation

AP _ asCpdw dkj
OIS o TR2
L

> Dead-Cone effect LPM effect W
- strong suppression of HF in small-angle radiation Ltorm )_9999

k?dk? _ M
S S IRLI BT Sy et
(kJ2_+w29§)2 ( 0 E)

> Landau-Pomeranchuk-Migdal effect
- suppression in high density o Zeet

form

Apath

medium
Apatn: mean free path

mass ordering
AE, > AE 4 >(?) AE, >(?) AE,

v
PH ENIX K.Nagashima - Quark Matter 2017, Chicago

- Brownian motion via Langevin equation i i ’ u %
| . W :

L,.,: formation length
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